The muscarinic cholinergic receptor (mAChR) antagonist scopolamine was used to induce transient cognitive impairment in monkeys trained in a delayed matching to sample task. The temporal relationship between the occupancy level of central mAChRs and cognitive impairment was determined. Three conscious monkeys (Macaca mulatta) were subjected to positron emission tomography (PET) scans with the mAChR radioligand N-[
INTRODUCTION
Muscarinic cholinergic receptor (mAChR) neurotransmission in the central nervous system is involved in human cognitive function including attention and working memory (Collerton, 1986; Everitt and Robbins, 1997; Hasselmo and Stern, 2006; Kobayashi et al, 2002; Sellin et al, 2008) . Scopolamine, a non-selective mAChR antagonist, induces transient cognitive impairment (Broks et al, 1988; Drachman, 1977; Edginton and Rusted, 2003; Green et al, 2005; Potter et al, 2000; Rasmusson and Dudar, 1979; Robbins et al, 1997; Rusted and Warburton, 1988) . Acetylcholinesterase inhibitors such as physostigmine reverse the cognitive impairment induced by scopolamine in human beings (Honer et al, 1988; Mewaldt and Ghoneim, 1979; Prohovnik et al, 1997; Sitaram et al, 1978) . Animal studies have also shown that scopolamine induces transient cognitive impairment in a dose-dependent manner (Aigner and Mishkin, 1986; Bartus and Johnson, 1976; Hardman and Limbird, 1996; Hudzik and Wenger, 1993; Plakke et al, 2008; Spinelli et al, 2006; Taffe et al, 1999 Taffe et al, , 2002 .
Cholinergic projection neurons are located in two main regions in the brain (Mesulam et al, 1983 (Mesulam et al, , 1984 . One is in the basal forebrain, which projects mainly to the hippocampus and most of the neocortex (Mesulam et al, 1983 (Mesulam et al, , 1986 , and the other is in the brainstem, which innervates the thalamus as well as the basal forebrain (Mesulam et al, 1983) . Although much attention and memory research has focused on the basal forebrain cholinergic systems (Collerton, 1986; Hasselmo and Stern, 2006; Sellin et al, 2008) , a significant role of the brainstem cholinergic system has been reported on attention, learning, and memory (Kobayashi et al, 2002; Kozak et al, 2005; Mitchell et al, 2002; Rostron et al, 2008) .
Abnormalities of the central mAChR system in Alzheimer disease are well correlated with the degree of dementia (Höhmann et al, 1998; Perry, 1986; Terry and Buccafusco, 2003) . Reductions in central mAChR systems are present not only in Alzheimer-type dementia (Rinne et al, 1985; Reinikainen et al, 1987) , but also in Huntington's disease (Enna et al, 1976; Lange et al, 1992; Wastek and Yamamura, 1978 ), Parkinson's disease (Ahlskog et al, 1991) , and schizophrenia (Crook et al, 2000; Dean et al, 2002; Zavitsanou et al, 2004) . Several mAChR agonists improve cognitive function in Alzheimer-type dementia (Bodick et al, 1997; Caccamo et al, 2009; Langmead et al, 2008) and schizophrenia (Raedler et al, 2003; Sellin et al, 2008; Shekhar et al, 2008) .
The delayed matching to sample (DMS) task in monkeys is one method for evaluating potential drug effects on cognitive functions (Bartus and Johnson, 1976; Hampson et al, 2009; Penetar and McDonough, 1983) . Typically, a sample visual stimulus is presented to the animal for a short time. Following a delay interval, the sample and another test stimulus are presented simultaneously. The subject is required to choose the sample visual stimulus to be rewarded. One limitation of conventional DMS task is that the maximal delay interval is fixed for all subjects, although cognitive abilities differ among them. Delay interval variation based on the cognitive ability of each subject is especially suitable for detection of drug effects (Buccafusco et al, 1995) . In the titration version of the DMS (T-DMS) task, the delay interval varies depending on subject's ongoing performance. Thus, when responding correctly, the delay interval becomes longer, and when the responding in error, the delay interval becomes shorter (Buccafusco et al, 2002 Hudzik and Wenger, 1993) .
In this study, the temporal relationship between the occupancy level of central mAChRs and the degree of cognitive impairment induced by scopolamine was assessed in monkeys (Macaca mulatta). The occupancy of mAChRs was measured with N-[
11 C]methyl-3-piperidyl benzilate ([ 11 C]( + )3-MPB) using a high-resolution animal positron emission tomography (PET; Tsukada et al, 2001b, c) during the conscious awake state. The degree of cognitive impairment was determined by the T-DMS task described above.
MATERIALS AND METHODS

Subjects and Design
Three male rhesus monkeys (M. mulatta; 5-6 years old), weighing 4-5 kg, were studied. Experiments were conducted in accordance with the recommendations of the US National Institute of Health and the guidelines of the Central Research Laboratory, Hamamatsu Photonics (Hamamatsu, Japan). Scopolamine hydrobromide was obtained from Kyorin Pharmaceutical (Tokyo, Japan). The doses of scopolamine salt (0.01 and 0.03 mg/kg, intramuscularly in 0.1 ml/kg) were similar to previous monkey studies (Aigner and Mishkin, 1986; Bartus and Johnson, 1976; Hudzik and Wenger, 1993; Spinelli et al, 2006) . First, cognitive functions were assessed using the T-DMS task pre-, 2, 6, 24, and 48 h post-saline vehicle or scopolamine in intramuscular doses of 0.01 and 0.03 mg/ kg. The T-DMS task of vehicle or scopolamine at each dose was administered twice with a 1-week interval, respectively.
The order of vehicle and scopolamine at each dose was counterbalanced across subjects. Next, the time course of mAChR occupancy was investigated by PET measurements with [
11 C]( + )3-MPB in same conscious animals. Consecutive PET measurements were performed pre-, 2, 6, 24, and 48 h post-scopolamine at each dose, respectively. Thirty PET measurements were performed in the three monkeys. Each monkey was examined 10 times at five time points (pre-, 2, 6, 24 , and 48 h post-scopolamine), with both doses of 0.01 and 0.03 mg/kg. Four sessions were performed during each time point pre-and post-vehicle or scopolamine. Scopolamine was administered a total of six times (the T-DMS task four times, and twice for PET measurement) for each monkey.
Behavioral Testing
The procedure of T-DMS task was based on previous monkey studies by Buccafusco et al (2002 Buccafusco et al ( , 2003 . Sixty-four different visual stimuli comprising all combinations of eight distinct colors and eight distinct shapes were used. Each visual stimulus was presented on a black background on a touch-sensitive screen placed within the animals' reach. The size of each stimulus was 6 cm 2 . Sessions consisted of 32 trials arranged so that each shape was presented as a sample stimulus four times. In one trial, colors of the sample and test stimuli were same. Each trial began with presentation of a start cue (a white circle) on the lower side of the touchsensitive screen. The animal had to press a circular button within 5 s after the onset of the start cue. Pressing the button changed the start cue to a red-fixation point. If the monkey pushed the button for 1 s, the red-fixation point disappeared and a sample stimulus appeared for 300 ms at the location of the start cue. After the delay interval, a sample stimulus and three other stimuli appeared in an arch-like arrangement. Each monkey had to touch the visual stimulus, which matched the sample within 5 s. Water (0.2 ml) was given as a reward for a correct choice. In the first trial, a sample stimulus at the location of the start cue did not disappear, and the delay interval was not introduced. If the trial was correct, the next trial was presented with a delay interval 1 s longer. This progression was maintained until the monkey responded incorrectly. Incorrect choices resulted in an error signal in which all items disappeared accompanied by 5 s beep sound (100 Hz) and visual presentation of a large purple rectangle. The delay interval for the trial after an incorrect choice was decreased by 1 s. The reaction time (RT) from the test stimulus presentation on the screen to monkey's first touch of it was measured. Averaging the delay interval over the last 10 trials of each session was used as the cognitive index. Monkeys were trained for eight sessions (1 session ¼ 32 trials) per day. Each session took 7-10 min, and the interval between sessions was 3 min. Monkeys were well trained for about 1 year before any drug use. (Nishiyama et al, 2001; Takahashi et al, 1999; Tsukada et al, 2001b, c) . The radioactive purity was greater than 99%. Specific radioactivity was 83.0±25.6 GBq/mmol (mean ± SD) and mass injected was 4.4 ± 1.9 mg (mean±SD). After analysis, the solution was passed through a 0.22 mm pore filter before intravenous administration.
PET Scans
A high-resolution animal PET scanner (SHR-7700; Hamamatsu Photonics) with a transaxial resolution of 2.6 mm full-width at half-maximum in the enhanced two-dimensional mode and a center-to-center distance of 3.6 mm was used. To avoid excessive arterial blood sampling, PET scans were performed without sampling. For quantitative analysis, the binding potential non-displaceable (BP ND ) was determined by Logan plots, with the cerebellum as the reference region (Yamamoto et al, 2011) .
A saphenous venous cannula was inserted in an inferior limb. The animal's head was rigidly fixed to the upper frame of a monkey chair using an acrylic head restraining device. The animal sitting in the restraining chair was placed at a fixed position in the PET gantry, with stereotactic coordinates aligned parallel to the orbito-meatal plane. Transmission data with a 68 Ge-68 Ga pin source was obtained for attenuation correction. After intravenous bolus injection of [ 11 C]( + )3-MPB (200 MBq/kg body weight), PET scans were acquired for 91 min. The injected dose of each animal was 270.5 ± 28.9, 299.1 ± 31.2, and 263.3±18.5 MBq/kg (mean±SD), respectively. A summation image from 28 to 40 min post-injection was obtained. The brain MRI was co-registered to the PET image.
Working memory has been reported to involve multiple brain regions such as the dorsolateral prefrontal cortex (Funahashi et al, 1989; Owen, 2000; Sawaguchi and Goldman-Rakic, 1991) , inferior temporal cortex (Tang et al, 1997; Turchi et al, 2005) , parietal cortex (Chafee and Goldman-Rakic, 1998) , occipital cortex (Supèr et al, 2001) , hippocampus (Hannula et al, 2006) , thalamus (Mitchell et al, 2002) , brainstem (Inglis et al, 2001) , and striatum (Kitabatake et al, 2003) . Therefore, the binding of [ 11 C]( + )3-MPB in these eight brain regions was investigated. The above brain regions of interest (ROIs) were obtained based on registered MRI using the cerebellum as a reference.
Graphic Analysis
For quantitative analysis, the Logan reference tissue method was performed in pixel-wise kinetic modeling (PMOD) software (PMOD Group, Zurich, Switzerland) . This method has been already validated in our previous study (Yamamoto et al, 2011) . The Logan reference tissue method allows the estimation of distribution volume ratio (DVR), which can be expressed as follows (Logan et al, 1990 (Logan et al, , 1996 :
where ROI tar and ROI ref are the radioactivity concentrations of the target and reference region, respectively, at time T. The DVR is the slope and k 2 is the clearance rate from the reference region. A k 2 value of 0.31 was used, according to a previous study (Yamamoto et al, 2011) . C is the intercept of Y axis. DVR is the ratio of the distribution volume in the target to reference region. DVR minus one was calculated as BP ND , which is the ratio at equilibrium of specifically bound radioligand to that of non-displaceable radioligand in the tissue (Innis et al, 2007) . Data recorded during the first 15 min were excluded based on our previous PET study (Tsukada et al, 2001c) . Voxel-wise maps of the BP ND were calculated using the PMOD software.
Occupancy Estimation
Occupancy levels were determined from the degree of reduction (%) of the BP ND by scopolamine. The mAChR occupancy was estimated as:
where BP ND pre (ROI) and BP ND post (ROI) are BP ND pre-and post-scopolamine, respectively.
Statistics
Data were expressed as mean ± SD. Statistical analyses of these data were performed using two-way repeated measures ANOVA, followed by Bonferroni comparison. The level of significance was Po0.05. Figure 1a illustrates a typical delay interval (s) plotted against the trial number from one session of the T-DMS task with pre-and 2 h post-scopolamine in doses of 0.01 and 0.03 mg/kg. At the control pre-drug status, the monkeys' correct response depended on each animal's working memory capacity. The mean cognitive index ± SD for control period in each animal was 21±2.4, 21±2.2, 18±2.2 s, respectively. Scopolamine decreased the maximal delay interval in a dose-dependent manner 2 h postadministration. The temporal changes in cognitive performance are shown in Figure 1b for all three animals. The saline vehicle had no effect on either the cognitive index or RT. Cognitive impairment was maximum 2 h post-scopolamine in both doses, in a dose-dependent manner. Cognitive impairment was observed up to 6 h post-administration, thus a trend for dose-dependency at 2 h in the degree of cognitive impairment. Cognitive function recovered to the pre-scopolamine condition 24 h later. The RT was not affected by scopolamine. Representative maps of the BP ND of [ 11 C]( + )3-MPB using the Logan plot compared with the reference region are presented in Figure 2 . The BP ND of [ 11 C]( + )3-MPB in the pre-scopolamine scan was the highest in the striatum, followed by cerebral cortices, hippocampus, thalamus, and lowest in the brainstem. The distribution pattern of [ 11 C]( + ) 3-MPB is consistent with our previous PET studies (Nishiyama et al, 2001; Tsukada et al, 2001b, c) . Compared with the pre-scopolamine scan, the binding of [ 50-60 min after injection. TACs of the cerebral cortices and hippocampus, thalamus and brainstem, and cerebellum showed a peak value around 30-40, 20-30, and 10 min after injection, respectively, followed by a gradual decrease with time. Inhibition of the uptake of [ 11 C]( + )3-MPB in these regions, except for the cerebellum 2 and 6 h postscopolamine in doses of 0.01 and 0.03 mg/kg, was observed in a dose-dependent manner. Peak times of TAC in these seven regions shifted to an earlier period with scans 2 and 6 h post-scopolamine in a dose-dependent manner. Such effects were not observed in the cerebellum. The uptake of [ 11 C]( + )3-MPB in the striatum, cerebral cortices, hippocampus, and thalamus 24 h after scopolamine with both doses almost recovered to pre-scopolamine scan levels, and recovered to control by 48 h. The uptake of [ 11 C]( + )3-MPB in the brainstem recovered to pre-scopolamine levels by 24 h.
RESULTS
The temporal changes in the mAChR occupancy are shown in Figure 4 . As the occupancy values were similar in basal forebrain innervated areas: dorsolateral prefrontal, inferior temporal, parietal, occipital cortices, and hippocampus, they were combined as cortices. BP ND value and mAChR occupancy of each monkey are shown in Table 1 . A dose-dependent occupancy was observed in all regions 2 h post-scopolamine. Occupancy was highest in the cortices. A dose-dependent occupancy was also observed 6 h postscopolamine in the cortices, thalamus, and striatum, but not in the brainstem. Sustained ligand occupancy (11-24%) was still observed 24 h post-scopolamine in the cortices, thalamus, and striatum, but not in the brainstem. Occupancy in cortices, thalamus, and striatum was absent 48 h post-scopolamine.
The relationships between the mAChR occupancy and the degree of cognitive impairment in each region at doses of 0.01 and 0.03 mg/kg are shown in Figure 5 . Both regression lines drawn by data points of 2 and 6 h (straight line), and 2, 6, 24, and 48 h (dashed line) showed that there were significantly positive correlations between each mAChR occupancy and cognitive impairment in all brain regions, and the highest correlation in the brainstem (Figure 5c ). Slope of regression line drawn by the data points of 2 and 6 h (straight line) is steeper than that of 2, 6, 24, and 48 h (dashed line) in the pooled cortex, thalamus, and brainstem, respectively, but not in the striatum. Each graph has 24 data points, although it seems that pooled cortex (Figure 5a ) has only 23 data points owing to two overlapping points ((x, y) ¼ (69, 24) ).
DISCUSSION
This study makes a significant contribution to the knowledge of the role of the muscarinic cholinergic system and cognition. The temporal relationship between the occupancy level of central mAChRs and cognitive impairment induced by scopolamine was assessed with PET measurements and the T-DMS task in conscious monkeys. Scopolamine occupied mAChRs dose-dependently 2 h post-administration. Cognitive function was significantly impaired in a dose-dependent manner at that time. Cognitive impairment with scopolamine persisted for 6 h and recovered completely to pre-scopolamine level 24 h later. However, some mAChR occupancy by scopolamine was still observed in most brain areas, except the brainstem, 24 h after its administration. The muscarinic cholinergic system in the brainstem is clearly involved with the maintenance of an alert cognitive state as shown in this study. Cognitive performance determined with the T-DMS task was almost similar levels among the three monkeys in the control condition, decreased by scopolamine, and mostly recovered 24 h post-scopolamine administration (Figure 1b) . The behavioral data at pre-and 2 h post-scopolamine is consistent with a previous study (Hudzik and Wenger, 1993) . One difference observed in this study is that scopolamine also decreased the simultaneous matching accuracy task (the delay interval ¼ 0 s). Hudzik and Wenger (1993) introduced a 3 s delay interval at the first trial, and performed a simultaneous matching task at another trial. Their simultaneous matching accuracy task corresponds to this first trial in the T-DMS task. Our monkeys did not miss the first trial even after scopolamine administration. In another previous study, the maximum delay interval in young adult monkey was 35-45 s (Buccafusco et al, 2002) .
Our monkeys' maximum delay intervals were not so long. One possible reason might be that chance level of our study (25% with four choices) was lower than their study (50% with two choices). Although there are several slight differences among this and previous studies, the slightly modified T-DMS task was very suitable for evaluating the cognitive impairment induced by scopolamine.
Working memory is considered to be mediated by distinct neural circuits. Especially, significant roles of the thalamic-cortical-striatal circuit and hippocampus-cortical circuit have been suggested (Floresco et al, 1999) . As described earlier, the thalamus, cerebral cortices, striatum, and hippocampus are innervated by cholinergic inputs (Mesulam et al, 1983; Warren et al, 2005) . Local administration of scopolamine into the thalamus (Mitchell et al, 2002) or prefrontal cortex (Broersen et al, 1994; Herremans et al, 1996) , or hippocampus (Ohno et al, 1992) , and cholinergic cell ablation in the striatum (Kitabatake et al, 2003) produce impairment in working memory. Our present results are consistent with these previous findings. However, because the degree of cognitive impairment was most highly correlated with the mAChR in the brainstem, this structure becomes especially important. The brainstem mainly innervates the thalamus as well as the basal forebrain. It is one of the regions involved in motor control (arm movement: Matsumura et al (1997); eye movement: Dellu et al (1991); Kobayashi et al (2002) ), attentional processing (Kobayashi et al, 2002; Kozak et al, 2005; Rostron et al, 2008) , and motivational behavior (Bechara and van der Kooy, 1989; Stefurak and van der Kooy, 1994) . Lesion of the brainstem cholinergic system induces deficits of attention (Inglis et al, 2001) or motivation (Steckler et al, 1994) . Steckler et al (1994) suggested that deficits of motivation might affect on working memory indirectly. Perhaps, cognitive impairment induced by scopolamine is due to a motor, attention, and motivation deficit rather than working memory impairment. Over 80% occupancy of mAChRs in the striatum indicates its important role in the regulation of motor function (Alexander and Crutcher, 1990) . These effects were observed 2 h post-administration in a dose of 0.03 mg/kg of scopolamine. However, the RTs post-scopolamine were not affected in this study (Figure 1b) . This is reasonable because high levels of muscarinic blockade induce few motor deficits (Miller and Hiley, 1974) . Blockade of mAChRs facilitates striatal DA neural signal transduction through DA 1 and DA 2 receptors (Tsukada et al, 2000 (Tsukada et al, , 2001a , and improves the motor impairments induced by dopamine receptor inhibition (Haraguchi et al, 1997) . These data indicate that cognitive impairment was not due to a motor deficit. The animals in this study did not miss trials at short delay intervals even after scopolamine in a large dose of 0.03 mg/kg (Figure 1a ). This suggests that the attentional function was not impaired and their motivation was not decreased. Cognitive impairment induced by scopolamine was not due to deficit of motor control, attention, and motivation, but to a working memory deficit. The brainstem cholinergic system must be considered as an important region involved in working memory.
As for subtypes of mAChRs (M 1À5 receptors) have been identified by molecular cloning (Kubo et al, 1986) , M 1 , M 2 , and M 4 receptors are predominant subtypes expressed in different percentages among brain regions. Quantitative immunoprecipitation study indicates that the distribution percentage of M 1 , M 2 , and M 4 receptor is ca 60, 20, and 20% in the cortex and hippocampus, respectively. In the striatum, the distribution percentage of M 1 , M 2 , and M 4 receptor is ca 30, 20, and 50% (Flynn et al, 1995) . The K i values of ( + )3-MPB for the human receptors from M 1 to M 5 were 1.34, 1.17, 2.82, 1.76, and 5.91 nM, respectively, as assessed with five cloned human mAChR subtypes expressed in CHO-K1 cells (unpublished data). Taken together with our result, the mAChR occupancy induced by scopolamine appears mainly to reflect M 1 receptor occupancy in the cortices, and M 4 receptor occupancy in the striatum, even though scopolamine is a non-selective mAChR antagonist. Therapeutic effects of M 1 /M 4 receptor agonists on cognitive function have been reported in patients with Alzheimer's disease and schizophrenia (Bodick et al, 1997; Shekhar et al, 2008) . Our results are consistent with these studies. The M 2 receptor is predominant in the thalamus (ca 50%) and brainstem (ca 80%), and the other subtype is less than 20% in the thalamus and brainstem (Levey et al, 1991) . This means that the mAChR occupancy in the thalamus and brainstem mainly reflects M 2 receptor occupancy. The importance of the M 2 receptor in the cortex and hippocampus in working memory has been shown by pharmacological and genetic studies. Pharmacological studies indicate that M 2 receptor-preferring antagonists increase acetylcholine (ACh) release and improve cognitive performance in aged rats (Quirion et al, 1995; Rowe et al, 2003; Vannucchi et al, 1997) . On the other hand, genetic deletion of M 2 receptors impaired working memory (Bainbridge et al, 2008; Seeger et al, 2004; Tzavara et al, 2003) . The opposite effects of blockade and genetic deletion of M 2 receptor on working memory suggest that the significance of M 2 receptor function is to keep an optimal level of cholinergic activity for cognition (Bainbridge et al, 2008) . Bainbridge et al (2008) noted that ACh release by M 2 receptor antagonists is effective for decreased cholinergic tone. When cholinergic tone is not lowered, the loss of M 2 receptors by genetic deletion leads to excess ACh and is detrimental to cognitive function. Our present result extends these findings, and suggests the important role of M 2 receptors in the thalamus and brainstem on working memory. This interpretation can be supported by further study using a selective antagonist of M 2 receptor and PET radioligand for M 2 receptor such as [
18 F]FP-TZTP (Podruchny et al, 2003) in normal subjects.
One may suggest that ACh release by blocking M 2 receptors in the thalamus and brainstem affected [
11 C]( + ) 3-MPB binding, because a microdialysis study showed that scopolamine-induced ACh release in the brainstem (Baghdoyan et al, 1998) . However, our previous PET study showed that [ 11 C]( + )3-MPB did not compete with endogenous ACh (Nishiyama et al, 2001) .
Cognitive performance was not impaired 24 and 48 h post-scopolamine. Steeper regression line between the mAChR occupancy and cognitive impairment drawn by the data points of 2 and 6 h than 2, 6, 24, and 48 h indicates the existence of the threshold to induce cognitive impairment in the pooled cortex, thalamus, and brainstem, respectively. This interpretation is consistent with our previous PET study with [ 11 C]( + )3-MPB, which showed 30-40% reduction of BP ND with the Logan arterial input method in the frontal, temporal, occipital cortices, hippocampus, thalamus, and brainstem in aged monkeys (19.0±3.3 years old) compared with young adult monkeys (5.9 ± 1.8 years old; Tsukada et al, 2000b) . Aged monkeys (20.3 ± 2.6 years old) showed an impairment of working memory performance and donepezil, an acetylcholinesterase inhibitor, improved working memory performance (Tsukada et al, 2004) . Taken together with this study, scopolamine may occupy mAChRs at a similar or greater level in aged brain and induces cognitive impairment. Further study is needed to investigate the threshold of the mAChR occupancy to induce cognitive impairment in detail. This study did not allow the use of a large number of monkeys. The limitation of a small sample size was partly balanced with a protocol using each monkey as its own control, thereby eliminating errors related to interindividual variability in mAChR density.
Conclusions
This PET study using [ 11 C]( + )3-MPB and a behavioral test using the T-DMS task indicates that 2 h post-administration scopolamine occupies mAChRs in a dose-dependent manner with cognitive impairment. Although cognitive impairment recovered completely within 24 h, mAChR occupancy by scopolamine lasted 24 h post-administration in most brain regions. It took 48 h to recover mAChR occupancy completely. The data indicate that some degree of the mAChR occupancy is needed to induce cognitive impairment, and a major involvement of brainstem mAChR occupancy in working memory.
